The yield potential of ten plum cultivars
Introduction
In intensive and highly intensive plum growing orchards, long bearing shoots are the main type of fruiting wood that usually is selected during pruning. These shoots are formed as a result of the appropriate positioning of flower and vegetative buds along the shoots (Mićić and Čmelik, 1988; Mićić, 1993; Milatović et al., 2015) . The intensity of specific cultural measures has a direct impact on the growth dynamics of shoots and, thus, on the differentiation of buds and the subsequent structure and positioning of buds along these shoots (Mićić and Čmelik, 1983; Đurić et al., 1998; Mićić et al., 2006) . Knowing the specific properties of bud structures on the fruiting branches of specific cultivars of plum is an important precondition for the application of cultivarspecific cultural measures which is the basis for achieving projected yields (Mićić et al., 2006) . For stone fruit trees, the key factor for ensuring biological yield potential (new flower buds) is to ensure the development of new shoots on which flower buds will differentiate during the vegetation period for fruiting in the following year and also that a sufficient number of vegetative buds are formed for providing the necessary leaf mass. Therefore, the question of the cultivar-specific cultural measures actually comes down to the question of presence and positioning of vegetative and flower buds, as well as aborted flower buds, in specific categories of fruiting wood (Đurić et al., 1998; Mićić et al., 2006; Milošević and Milošević, 2009) .
Bud differentiation and the transition of meristems from the vegetative into the generative phase is a part of the general scheme of differentiation of generative organs in flowering plants (Kuperman, 1968) , which was later adapted to fruit trees (Isaeva, 1977) . The descriptions of individual stages of plum organogenesis have been studied through the growth dynamics of plum shoots (Paunović and Ogašanović, 1972) , the completion of shoot growth by tip abortion, the initiation of the third phase of organogenesis, and so on (Mićić and Čmelik, 1983) . The study of differentiation of buds on the nodes of long bearing shoots of three plum cultivars (Mićić, 1993) found that each node primarily formed three meristematic apices in a collateral arrangement. The subsequent course of their differentiation was shown to be determined by their position on a node and along the shoot. Namely, the central apex of nodes can differentiate into both vegetative and flower buds in such a way that, on a certain number of nodes, flower buds are formed on nodes at the base of branches, while vegetative buds are formed at upper nodes on branches. The lateral meristematic apices of nodes can only differentiate into flower buds, or atrophy shortly after formation, or abort shortly after entering the generative sequence of differentiation (Mićić and Čmelik, 1988; Mićić, 1992) .
The nature of the structure of buds on long bearing shoots of a plum cultivar is basically the factor that determines yield potential of that cultivar in specific agro-ecological growing conditions (Đurić et al., 1998; Mićić, 1994) . It is very important, both for the for breeders and producers, to know the growth and development of new plum cultivars in specific local growing conditions. Usually, these research are done through analyses of the growth and yield parameters such as canopy size; trunk cross-sectional area; cumulative yield, fruit mass, and canopy density; and application of winter and summer pruning (Blažek et al., 2004; Blažek and Pištekova, 2012; Čmelik et al., 2007; Dinkova et al., 2007 Dinkova et al., , 2012 Dinkova et al., 2012; Dzintra et al., 2013; Nikolić and Milatović, 2010; Robinson et al., 2010) . However, the issues of identifying the dominant type of bearing shoots, i.e. the biological yield potential of new cultivars, is unjustifiably neglected, although it is known that applied cultural measures primarily affect the realization of biological production potential.
Materials and Methods

Orchard sites
The structure of buds on the nodes of long bearing shoots was studied during 2012 and 2013 under the agro-ecological growing conditions of the Banja Luka -Prijedor region on 10 plum cultivars: 'Čačak's Beauty', 'Čačak's Best', 'Čačak's Fruitful', 'California Blue', 'Elena', 'Hanita', 'Katinka', 'Renclode Althan', 'Stanley', and 'Top'. All cultivars were grafted onto Myrobalan seedling rootstock and each cultivar was represented by three trees. The planting in Bukvalek (44º45ʹ21ʺN, 17º7ʹ51ʺE; 419 m asl) was established in the fall of 1997, when one-year-old, unbranched saplings were established, and included the following six standard plum cultivars: 'Čačak's Beauty', 'Čačak's Best', 'Čačak's Fruitful', 'California Blue', 'Renclode Althan', and 'Stanley'. The training system was a spindle with a spacing of 5 × 3 m. The planting on the Gradina site (44º51'10"N, 16º54'11"E; 210 m asl), was started in the spring of 2000, by planting two-year-old, branched saplings of the following new introduced plum cultivars: 'Elena', 'Hanita', 'Katinka', and 'Top'. The training system was a spindle with a spacing of 4.5 × 2.5 m.
Plant material
The study of bud structure was conducted on long bearing shoots, being the most common and most important type of plum fruiting branches. A sample of 30 long bearing shoots were taken for analysis from established trees of each 
Bud analysis
The structure of plum buds was established by observing all buds on all fruiting branches under a binocular microscope (Olympus SZH 10), while photographic documentation was conducted using Olympus DP -Soft Image Analysis Software. The following three categories of buds were present at the nodes of long bearing shoots: vegetative, normally differentiated flower buds, and aborted flower buds (buds with an atrophied apex) (Figs. 1, 2, 3 and 4) . The bud characteristics were established for all long bearing shoots of each cultivar in both years, including buds in the central position of all nodes, from the base to the top of the long bearing shoots, as well as buds in both lateral positions at nodes with a collateral bud arrangement.
Statistics
The average values with corresponding measures of variability, the variation coefficient and standard error of the mean, were calculated for the length and number of nodes of long bearing shoots. Significant difference was determined by Student's t-test.
Based on the number of normally differentiated flower and vegetative buds on all 30 long bearing shoots from each of the studied cultivars, the relative coefficient of yield potential (CYP) of long bearing shoots was determined and expressed as the number of normal flower buds per vegetative bud.
Using the number of vegetative buds, the number of normally differentiated flower buds and the relative CYP, the cultivars studied were grouped using cluster analysis using SPSS software.
On the basis of the total number of buds in each category at the nodes of fruiting branches, the average relative presence (expressed in %) was calculated for buds in both central and lateral positions for all nodes, from the branch base to top. Based on that presence, graphical presentations of bud structure were developed for each variety.
Results and Discussion
Characteristics of long bearing shoots
The average length of long bearing shoots ranged from 17.71 cm in 'Čačak's Beauty' to 27.21 cm in 'Top', each in 2013. The average number of nodes on long bearing shoots ranged from 9.46 in 'Elena' to 16.15 in 'California Blue', also both in 2013 ( The length of fruiting branches and the number of nodes were not significantly different between the two years for all cultivars except for 'Elena' and 'California Blue'. 'Elena' had significantly longer long bearing shoots in 2012 (24.8 cm) in comparison to 2013 (21.07 cm). However, the opposite was observed with 'California Blue', i.e., long bearing shoots were significantly longer in 2013 (25.84 cm) as compared to 2012 (20.67 cm), while the average number of nodes in this cultivar was also significantly higher in 2013 (16.15) as compared to 2012 (13.07).
Number of buds on long bearing shoots
The average number of vegetative buds on long bearing shoots ranged from 12.55 in 'Elena' in 2013 to 25.65 in 'Čačak's Beauty' in 2012 ( Table 2) .
The lowest average number of normally differentiated flower buds was observed in 'Renclode Althan' in 2012 (15.42) Vegetative Vegetativni
The ratio of average number of generative to vegetative buds on fruiting branches (i.e., the number of normally differentiated flower buds per vegetative bud) is the coefficient of relative yield potential. The highest relative coefficient of yield potential was seen in 'Top' in both 2012 (2.251) and 2013 (3.331) while the lowest relative coefficient of yield potential was observed with 'Renclode Althan' in 2012 (0.826). The value of this coefficient was above 1.00 for all cultivars in 2013 (Table 3) .
The number and structure of vegetative and normally differentiated flower buds on nodes of long bearing shoots, which define the basic type of fruiting branch for intensive plum growing systems, represents a basis for estimating yield potential and for defining the intensity of cultural measures that are required in the cultivar-specific treatments for plums (Mićić, 1994 Grouping of the plum cultivars was conducted using cluster analysis on the basis of the average numbers of vegetative and normally differentiated flower buds, and the CYP of long bearing shoots in both years (Graph 1). On this basis, the cultivars could be divided into the following groups: 1) cultivars with the optimal bud structure and a very high yield potential ('Čačak's Beauty' and 'Top'); 2) cultivars with acceptable bud structure and high yield potential ('Čačak's Best', 'Čačak's Fruitful', 'Elena', 'Katinka', and 'Stanley',) ; 3) cultivars with variation in bud structure and yield potential ('California Blue' and 'Hanita') and 4) cultivars with questionable bud structure and questionable yield potential ('Renclode Althan').
Distribution of buds on nodes along the fruiting branch
The distribution of buds on nodes along fruiting branches represents an important cultivar-specific characteristic which should be considered during the pruning of stone fruit trees in general. Flower buds on stone fruit trees, including plums, are purely flower buds (without a meristematic apex) and projected tree yield is, therefore, limited by the relative ratio of generative to vegetative buds on fruit-bearing wood. Consequently, pruning should select for preferred fruiting branches. Long bearing shoots have priority over short branches (spurs), because they have a more vegetative buds which should provide assimilates for fruit growth and development. Flower buds on all cultivars were located only on lateral buds at each node, except at the branch base where they were also located in the central position of the nodes (Graph 2). Vegetative buds were located exclusively in the central position of nodes at the branch top, above the 3rd and up to the 7th node, depending on the cultivar. The position of vegetative buds on these branches is important for the purpose of pruning treatment, while position of flower buds is important because of the burden of supporting fruit on the branches. The position of certain categories of buds on the nodes along fruiting branches is important for establishing the projected relationship between vegetative and flower buds during pruning. According to the presence and position of vegetative and flower buds at the base of long bearing shoots in the plum cultivars that were studied, pruning treatments without any restrictions can be performed in 'Čačak's Best', 'Čačak's Beauty', and 'Stanley' while in other cultivars these treatments are limited by the presence of aborted flower buds. The presence and distribution of aborted flower buds (empty buds), which exist on the nodes until the start of the vegetative period, have to be considered during winter pruning primarily in 'Hanita', 'Katinka' and 'Renclode Althan'. Based on an analysis of the dominant distribution of vegetative, normally differentiated flower and aborted flower buds on nodes along the long bearing shoots of the plum cultivars that were studied in 2012 and 2013 (Fig.  6) , the cultivars can be grouped as follows: 1) cultivars with only a small variation in the positioning of vegetative, flower and aborted flower buds ('Čačak's Beauty', 'Čačak's Best', 'Stanley', and 'Top'); 2) cultivars with acceptable variation in the positioning of vegetative, flower and aborted flower buds ('Čačak's Fruitful', 'California Blue', 'Elena', and 'Katinka') and 3) cultivars with a high variation in the positioning of vegetative, flower and aborted flower buds ('Hanita' and 'Renclode Althan').
The structure of buds in a collateral arrangement at each node along the long bearing shoots (i.e., the positioning of vegetative and flower buds at nodes on long bearing shoots) of the plum cultivars that were examined, clearly shows a varietal specificity in the formation of yield potential. When one takes into account this phenomenon of positioning buds on nodes along these fruiting branches (vegetative, flower and buds with aborted apex), it can be seen that the yield potential of these fruiting branches of some plum cultivars depends primarily on the presence of buds with aborted apices.
